independent variables (inoculums age, volume and concentration of sulphuric acid) and their interactions significantly influenced the hydrogen production. Optimum conditions optimized during the study were inoculums age, 21 h, inoculums volume, 50 ml/l and concentrations of sulphuric acid, 1.25%. Maximum bio-hydrogen production obtained with these optimum conditions was 705 ml. Results show that RSM (CCD) was a useful statistical tool for optimization of the key factors influencing the biohydrogen production.
14. Jaapar, S. Z. S., Mohd. Kalil, S, Ali, E. and Nurina, A., Effects of age of inoculum and headspace on hydrogen production using Rhodobacter sphaeroides. Bacteriol. J., 2011, 1-8. 15 . Prakashan, R. S., Sathish, T. and Brahmaiah, P., Biohydrogen production process optimization using anaerobic mixed consortia: a prelude study for use of agro-industrial material hydrolysate as substrate. EARTHQUAKE is the most terrifying and destructive natural phenomenon which leads to a great loss of human life, property and environment. To mitigate/minimize the loss, attempts are being made to find out ways and means for short-time/long-time predictions (Hayakawa 1 ). Earthquake injects gases, particles, shock waves, electric field, etc. into the atmosphere/ionosphere which perturb different layers of the ionosphere [2] [3] [4] [5] . The lithosphere-atmosphere-ionosphere interactions caused by seismic events have become important aspects for research.
Anomalies can be observed in different parameters of the ionosphere such as: plasma density, temperature, composition change and peak parameters of F2-layer (NmF2, foF2) [2] [3] [4] [5] . In recent years due to the advent of global positioning system (GPS), total electron content (TEC) of ionosphere has become an important parameter and is widely used to observe the seismo-ionospheric anomaly. Reported results show positive as well as negative perturbations in TEC 3, [6] [7] [8] . Emitted radon gas may ionize atmospheric constituents, whereas seismic originated electric field may cause plasma drift by E  B force. Namgaladze 9 considered E  B drift to be the most likely physical mechanism responsible for the seismoionospheric anomaly formation. Based on ground-based measurements, a significant decrease of the ionospheric electron density, foF2 and TEC simultaneously were observed 1-4 days before the Chi-Chi, Rei-Li and Chia-Yi earthquakes 2, 10, 11 . Recently, a case study and statistical analysis were made to observe pre-seismic anomalies in TEC 5, [12] [13] [14] . In this communication, an effort has been made to identify ionospheric precursors in GPS-TEC data and discussed the mechanism of lithosphere-atmosphereionosphere coupling due to recent earthquakes at Tamenglong, India (24.8N, 93.5E). The main shock of this earthquake occurred at 23:05:16 UT on 3 January 2016. In the present study three GPS stations at Lhasa, Patumwan and Hyderabad were selected. The details of earthquake epicentre, radius of earthquake preparation zone, location of GPS stations, precursor days, etc. are summarized in Table 1. GPS data with a time resolution of 30 sec were used. Lhasa GPS station lies within the circle of earthquake preparation zone at a distance of 589 km from the epicenter, whereas the other two stations (Patumwan and Hyderabad) are outside it. The slant total electron content (STEC) estimated from GPS data recorded in RINEX FORMAT is converted into vertical total electron content (VTEC) 15 . The hourly mean value of TEC has been used in this study. Data for five days before and five days after the earthquake were analysed. The statistical method described by Liu et al. 16 was used to separate anomalous variability arising due to earthquake from day-to-day variations in the ionosphere. In this method, standard deviation σ is used to specify the upper and lower inter quartile range (IQR) using the equations IQR upper bound (UB) = TEC(MM) + 1.34,
where TEC(MM) is the monthly median of TEC data. The ionospheric perturbation has been divided into two categories: percentage increase and percentage decrease with respect to UB and LB respectively using the relations
% decrease = (LB -TEC)/LB  100.
The changes in earth's crust in the form of deformations, variations in seismic waves, emanation of gases from the earth's crust, and changes in electrical conductivity were observed not only in the earthquake source region but also in the zone exceeding the source dimensions by an order of magnitude. Such a zone is called the earthquake preparation zone which is a circle (Figure 1 ) with a radius calculated using the relation
where M is the magnitude of the earthquake. The ionosphere is affected by so many parameters including solar and geomagnetic disturbances. Sometimes the phenomena in the lower atmosphere also play a significant role in ionospheric variations. In addition, ionosphere also shows diurnal, day-to-day, seasonal, spatial variations 18 . Therefore, the knowledge of background ionospheric condition is important to identify the ionospheric anomaly related to seismic activity. Figure 2 shows daily variations of D st -index from 29 December 2015 to 9 January 2016. During the period, there was a geomagnetic storm (D st = -117 nT) from 1200 UT, 31 December to 0100 UT, 01 January (Figure 2 b) . Except for this period, the total considered period was quiet. Therefore any storm-induced disturbance in ionosphere can be expected only after 1200 UT on 31 December. In the case of intense geomagnetic storm, its impact on the ionosphere may remain for a day or more.
On 3 January 2016 a strong earthquake of magnitude 6.8 occurred at Tamenglong, Manipur, India at 23:05 UT h (04:30 LT on 4 January) (see Table 1 ). To Figure 1 . Map location of the earthquake epicenter (by *), and ionospheric measuring GPS station (by +). Circle indicates the earthquake preparation zone. The circle is plotted using the centre as epicentre of earthquake and radius computed by using formula  = 10 .43M km.
study the impact of this earthquake, GPS-TEC values at EIA station Lhasa are plotted in Figure 3 for 11 days (5 days before and 5 days after the earthquake). To filter out the day-to-day variability of the ionosphere, UB and LB are also shown. In Figure 3 , a strong ionospheric perturbation is observed with a reduction in TEC on 29 December (37%) and 30 December (9%) which is followed by an enhancement on 31 December 2015 (47% increase). This perturbation could not be attributed to the geomagnetic storm because its impacts on the ionosphere could only be felt after the commencement of the storm (i.e. 1200 UT, 31 December). Another enhancement in TEC (~70%) between 1400 and 1900 UT (i.e. after the storm commencement) has also been noticed from Figure 3 , which may be due to the impact of geomagnetic storm. Therefore, the enhancement observed between 0400 and 1000 UT is totally free from the effect of geomagnetic storm and may be attributed to the earthquake. In order to confirm the association of this anomaly to the earthquake, the TEC variation on 31 December over other stations: Patumwan, Thailand (CUSV) and Hyderabad, India (HYDE), which were not within the circle of earthquake preparation zone, has been analysed (Figures 4 and 5) . There was no significant enhancement in TEC during 0400-1000 UT on 31 December. The variation of TEC on 1-2 January does not show any significant ionospheric perturbation over Patumwan. On 3 January a small negative perturbation was observed (-22%). The ionospheric perturbation 5 days after the main shock (Figure 3 b) shows that the negative ionospheric perturbation was observed on 4, 5 and 7 January 2016 with a -20%, -32% and -24% respectively from the LB. In this study an effort has been made to establish a connection between earthquake and anomaly observed in the TEC at low latitude station Lhasa lying in the preparation zone. Analysis showed the maximum ionospheric perturbation in TEC at LHAZ station at 1000 UT on 31 December which occurred before the storm commencement time 1200 UT, was totally free from the effect of geomagnetic storm. Therefore, the perturbation in GPS-TEC observed on 31 December 2015 can be considered as ionospheric precursor caused by the Earthquake. To ensure the presence of precursor in TEC values observed at LHAZ to be due to earthquake, TEC data at two more stations (Patumwan, Hyderabad) which are not lying inside the circle of earthquake preparatory zone were analysed; but no perturbation (enhancement) was observed during 0400-1000 UT on 31 December 2015.
The presence of precursor in GPS-TEC data was reported earlier [6] [7] [8] . However the magnitude of perturbation varied from case to case depending on the magnitude of earthquake and the distance of the observing station from the epicentre. Possible origins of pre-earthquake ionospheric anomalies have been discussed by several workers [19] [20] [21] . The source origin and the coupling mechanisms between the lithosphere, atmosphere and ionosphere are still not fully understood. Generally two well-known theories are proposed that can show connection between seismic activity and ionosphere. One mechanism relates to gravity wave generation and propagation up to the ionosphere altitude. The other mechanism is associated with the vertical electric field which links the earth with ionosphere 19 . In these two processes a physical connection between seismic activity and variations in ionosphere could be realized. The geoelectric signal generated by piezo-electric effect in seismically active region can modify atmospheric electric field and may play an important role in understanding the lithosphere-atmosphere-ionosphere coupling 20, 21 . A large scale vertical electric field (~1000 mV m -1 ) is supposed to be generated over the active region a few days before the main shock of earthquake. This electric field can penetrate into the ionosphere and create perturbation in the electron density by E  B plasma drift mechanism 22 . In previous studies it was shown that seismic activity leads to an increase in the quasi-static electric field in the ionosphere which reaches ~10 mV/m, while its value on the earth's surface is ~100 V/m 23, 24 . The field is localized in the ionosphere over the epicentre area, as well as, the related region with a characteristic horizontal scale of 100 to 1000 km depending upon magnitude of earthquake.
Theoretical calculations show that vertical electric field can penetrate into the ionosphere and can produce ionospheric perturbation when the area occupied by the electric field on the ground exceeds 200 km in diameter 22 . Using simulation results, Karpov et al. 25 showed that when seismic-induced electric current is directed towards the Earth, the resulting effect of the plasma drift components causes positive TEC disturbances to the east of the geomagnetic meridian of the epicentre, whereas a negative effect may occur to the west of the same. The opposite effects on TEC perturbations are attributed to change in the current/electric field direction in moving from east to west with respect to the geomagnetic meridian of the epicentre, which in turn affects the movement of the E  B plasma drift. Using ground and satellite-based measurements, anomalous changes starting from ground up to ionospheric levels for numerous earthquakes have been reported by several workers [5] [6] [7] [8] 19, [26] [27] [28] . These studies show strong changes in various parameters on the surface and in the atmosphere/ionosphere a few days prior to the main shock of the earthquakes and provide strong evidences of lithosphere-atmosphere-ionosphere coupling.
In this study a connection between ionospheric anomaly (perturbation in TEC) and earthquake has been shown using data from GPS-based measurements over three stations: Lhasa, Hyderabad and Patumwan. The analysis of GPS-TEC data shows the appearance of a strong ionospheric precursor (enhancement by 47%) at Lhasa on 31 December 2015, i.e. 3-days before main shock of the earthquake. Stations lying outside the circle of earthquake preparation zone (Patumwan and Hyderabad) did It is important to note that during the period of data analysis, a geomagnetic storm occurred from 31 December 2015 to 1 January 2016, which commenced at 1200 UT on 31 December after the observed precursor in TEC. Any perturbation in ionosphere due to this storm was expected only after its commencement, i.e. 1200 UT on 31 December. Thus the observed ionospheric anomaly in GPS-TEC is totally free from the effect of this geomagnetic storm. However, an enhancement in TEC between 1400 and 1900 UT on 31 December 2015 has been observed which may be the impact of geomagnetic storm.
